Abstract -CMA/DA/DAPI technique revealed the presence of GC-rich regions in mitotic/meiotic chromosomes and within meiotic collective chromocenters of permanent heterozygote Rhoeo spathacea (2n=12). CMA-bands were detected within some NOR-related chromosome ends and within all twelve pericentromeric regions. It can not be excluded that GC-rich segments associated with AT-rich pericentromeric heterochromatin may serve as landmarks of the putative translocation breakpoints in this species. The persistence of two cytologically welldefined chromatin domains (AT and GC-rich) within pericentromeres of all chromosomes suggests spreading and homogenization of their sequences during evolution of Rhoeo karyotype.
INTRODUCTION
Rhoeo spathacea (Swartz) Stearn (2n=12) is an example of permanent structural heterozygosity, conditioned by a series of reciprocal translocations (Belling 1927; Darlington 1929; Sax 1931; SatterfielD and MertenS 1972) . It shows a stable ring-shaped multivalent at diakinesis, with all the chromosomes conjoined by the terminal chiasmata (Sax 1931; lin and PaDDock 1973; golczyk et al. 2005) . The alternate chromosome orientation at the first metaphase determines regular segregation of the two super linkage groups -Renner complexes (α and β). The range and character of the presumptive translocations in Rhoeo are poorly recognized (compare: koller 1932; McQuaDe and WellS 1975; lin 1979, Stack and Soulliere 1984) . Resolving of this problem depends on the better characterization of the fine structure of chromosomes, especially on the availability of the sufficient number of cytological/molecular markers on each chromosome arm. Unfortunately, the chromosomal region between centromere and chromosome ends remains an enigma in Rhoeo (golczyk and JoachiMiak 2003). The only chromosome domains cytologically recognized so far are AT-rich pericentromeric heterochromatin (nataraJan and nataraJan 1972; Pettenati 1987; golczyk and JoachiMiak 1999; golczyk et al. 2005) , distally located NORs and 5S rDNA tandem arrays (golczyk and JoachiMiak 2003; golczyk et al. 2005) . Here additional chromosome landmarks, obtained with the use of the CMA/DA/DAPI technique which reveals the GC-rich bands (SchWeizer and aMBroS 1994), were presented.
MATERIALS AND METHODS
The three described previously Rhoeo clones (golczyk et al. 2005) served as a plant material during the study. Plants were grown in the greenhouse at 25 °C. Flower buds were collected and fixed in 3:1 ethanol -glacial acetic acid (AA) for 0,5h. For the study on mitotic chromosomes, plant cuttings were grown in glass jars filled with tap water and wrapped with aluminum foil. The young roots were cut off, pre-treated with a saturated solution of α-bromonaphtalene for 2 h and fixed in AA for 0,5h. Fixed root tips were enzymatically digested in a mixture consisting of 10% (v/v) pectinase, 10% (w/v) cellulase and 2% (w/v) cellulase Onozuka, dissolved in citric acid/sodium citrate buffer, pH 4.8. Meiotic preparations were done without any enzymatic treatment, by gently squashing of the dissected anthers in 45% acetic acid. Preparations were frozen in liquid nitrogen.
Pericentromeric GC-rich chromatin in Rhoeo (Commelinaceae). Evidence from soma and germ-line
After removing of the cover glasses, slides were air-dried and stored at room temperature overnight. CMA/DA/DAPI technique was conducted according to SchWeizer and aMBroS (1994) . Seven mitotic and meiotic preparations from each clone were examined. The pictures were taken using Nikon Eclipse 80i microscope equipped with a monochrome CCD camera. CMA signals required a narrow band-pass excitation filter (430-440nm).
RESULTS
In somatic and meiotic cells, fluorescent signals of different intensity and size were detected around centromeres of all the chromosomes ( Fig.  1 and 3) . Moreover, up to six chromosomes displayed the presence of distal CMA-spots and up to four had centromeres flanked at some distance by two CMA-bands (Figs. 1-3) . Although there was some variability between analyzed preparations, (Figs. 1a, b ) matches the already described pattern of rDNA distribution (golczyk et al. 2005) . Interestingly, no distal CMA-bands were evidenced on chromosomes 10 and 11, and on the long arm of chromosome 9, where rDNA was previously mapped (l.c.). In zygotene nuclei 1-3 DAPI positive collective chromocenters, representing pericentromeric heterochromatin, were clearly visible (Figs. 4a, 5a ). Meiotic preparations, when favorable, revealed the presence of 8-10 CMA-foci within collective chromocenter/chromocenters. Many of these signals seemed to be larger and stronger than the chromosomal ones (Figs. 4b, 5b) . Thus a tendency for some intimate associations between GC-rich segments at this stage can not be excluded.
DISCUSSION
Complex translocation heterozygosity in plants may have different mechanisms of origin. The karyotype repatternings in Oenothera (clelanD 1972) , Homeria (golDBlatt 1980) and many members of Commelinaceae family (JoneS 1978) occurred via Robertsonian-like rearrangements. But in Gibasis pulchella they were proposed to involve only small distal segments (kenton et al. 1987) . It was shown here, that heterochromatic region encompassing centromeres in Rhoeo is not homogenous, as besides AT-rich domains (nataraJan and nataraJan 1972; golczyk et al. 2005) it possesses also GC-rich ones. If the multiple breakpoints occurred near centromeres, further rearrangements may produce some extra intricacies within pericentromeric chromatin, e.g. intermixing and/or spreading of differently composed sequences.
The persistence of two cytologically well-defined chromatin domains within pericentromeres of all chromosomes suggests not only spreading, but also homogenization of their sequences during evolution of Rhoeo karyotype. Different molecular processes responsible for the maintenance of the centromeric DNA homogeneity were suggested (MayfielD and elliSon 1975; SchWeizer et al. 1987; guerra 2000) . Both spreading and homogenization of centromere-associated sequences can be facilitated by clustering of centromeres, which brings proximal sites into contact. In Rhoeo this could be especially applicable to leptotene/ zygotene/pachytene nuclei, which show centromere associations (reviewed in: golczyk et al. 2005) . In mouse, centromere clustering has been suggested not only to homogenize satellite DNA but also to constitute a framework within which centromeric regions can come together to give a basis for Robertsonian rearrangements (cerDa et al. 1999) .
